Diarrhoea complicating enteral feeding is a common clinical problem affecting up to 25% of patients.
absorption in the distal colon. This study identified a significant colonic secretory response to enteral feeding, which is related to the site and load of the diet infusion. This response may play an important part in the pathogenesis of enteral feeding related diarrhoea.
(Gut 1994; 35: 1734-1741) Diarrhoea is the commonest complication of enteral feeding, occurring in up to 25% of patients in general medical and surgical wards.1 This not only limits the efficacy of enteral feeding, but will add to potential complications, distress both patients and staff, and increase costs.2 A number of factors have been implicated in the pathogenesis of this diarrhoea, and these include infusion of infected diet, lactose intolerance,3 concomitant antibiotic treatment,45 and coexisting hypoalbuminaemia.6 7 Attention to these factors has reduced the incidence of diarrhoea, but still occurs, in our experience, in at least 15% of patients (D B A Silk, unpublished data).
To achieve a greater understanding of the pathogenesis of enteral feeding related diarrhoea we have recently examined the possibility of a disturbance in small intestinal function.8 9 In these studies small intestinal function during the intraduodenal infusion of a polymeric enteral diet differed from that seen after intragastric infusion. In the first, the small intestinal motility was converted appropriately from the 'fasting' to the 'fed' pattern; the volume of water and electrolytes entering the colon (colonic in flow) was increased from fasting values; but no subjects developed diarrhoea. During intragastric diet infusion, however, small intestinal motility remained in the 'fasting' pattern and colonic inflows were decreased; nevertheless most subjects developed diarrhoea.10 These data suggest firstly that enteral feeding related diarrhoea will probably occur more often during intragastric than intraduodenal feeding, and secondly that it will probably occur as a consequence of disturbances in colonic rather than small intestinal function.
The aim of this study, therefore, was to find out if a disturbance of colonic absorptive function is the primary aetiological factor of enteral feeding related diarrhoea. To do this we have modified the technique of human in vivo steady state colonic perfusion, first described in 1962,11 so as to permit the measurement of colonic in flow volumes and, by including an additional aspiration port at the hepatic flexure, segmental water and electrolyte handling in the ascending and distal colon. This technique has been reviewed in detail elsewhere.'2
Methods

PERFUSION TUBE
The method of in vivo steady state colonic perfusion used is a modification of the four lumen technique described by Devroede and Phillips. 13 The tube comprises seven lengths of polyvinyl tubing cemented with tetrahydrofluoran, with internal diameters ranging from 0-6-1*5 mm.
Colonic in flow volumes were calculated from the dilution of a non-absorbable marker infused under steady state conditions through a 20 cm segment of the terminal ileum just proximal to the ileocaecal valve. We assessed colonic segmental water and electrolyte movement by infusing a second non-absorbable marker into the caecum and sampling at the hepatic flexure and rectum. Moving from the proximal to the distal end of the tube (Fig 1) , therefore, port 1 is used for the infusion of a non-absorbable marker into the proximal end of the 20 cm terminal ileal test segment, port 2 is an air bleed to assist aspiration of ileal contents from port 3, both 20 sited in the caecum and 15 cm distal to port 3. Port 5 is an air bleed to assist aspiration of ascending colonic contents from port 6, sited at the hepatic flexure 40 cm distal to port 4. The seventh channel is used to inflate a balloon at the tip of the tube containing a mercury weight, which has been shown to accelerate the passage of the tube through the small intestine. 14 EXPERIMENTAL 
TECHNIQUE
The experimental technique has been described in detail elsewhere. '2 Twenty four studies were carried out in healthy volunteers with no history of gastrointestinal disease or metabolic disorders. Approval was granted by the Parkside Health Authority ethics committee.
After an overnight fast the subjects were intubated with the seven lumen tube receiving no sedation, and it was allowed to pass down so that the distal end was just proximal to the hepatic flexure of the colon. A small balloon was inflated at the distal end of the tube to accelerate its passage through the small intestine. It took between 15 and 21 hours for the tube to reach its final position, which was verified fluoroscopically. In addition to this orocolonic tube six subjects were intubated with a nasogastric feeding tube (6 FG, 93 cm; Corpak, Illinois, US) and six with nasoduodenal tube (8 FG, 109 cm; Corpak, Illinois, US).
Once correctly sited in the colon 0O9%/o normal saline was infused at 16 ml/min for two hours at 37°C through port 4 to flush the colon free of faecal material. At the same time the test solution for the terminal ileal segment, containing 0-5 pLCi/l 3H polyethylene glycol 4000 (PEG) as the non-absorbable marker in 150 mmolI NaCl, was infused into port 1 at 1 ml/min by means of a peristaltic pump. Two hours was allowed to attain a steady state of absorption, defined as a variation between 3H counts of less than 5o/o.13 15 16 Thereafter aspirates were collected every 20 minutes from port 3 for the duration of the study. The first 1 ml of these aspirates was discarded, as this was the calculated dead space within the tube, and the subsequent 1 ml was kept for analysis.
Once the colon had been flushed of faecal material, a soft 24 FG tube was placed in the rectum. The test solution for the colon, containing 0 5 uCi/l 14C PEG 4000 in an iso-osmotic electrolyte solution with a pH of 6-8-7 1 (Na+ 140 mM; K+ 5 mM; Cl-120 mM; HC03-25 mM) was infused into port 4 at 10 m/min by means of a peristaltic pump. Again two hours of colonic infusion was allowed to reach a steady state of absorption, after which three collections at 10 minute intervals were taken from port 6 and the rectal fluid. The first 5 ml of each port 6 aspirate (calculated dead space) was discarded and the subsequent 2 ml kept for analysis. The rectal effluent, however, was allowed to drain freely, from which 5 ml was collected every 10 minutes.
After these fasting collections were made, the infusion of an enteral diet was commenced. In 12 of the studies a low strength enteral feed (Ensure, Cow and Gate, UK; 1-39 ml/min; 1-39 kcal/min; 8- (Table 1) The presence of 14C PEG in the ileal aspirates permitted the degree of colonic reflux to be calculated. This correction was made because reflux would inappropriately dilute the ileal contents. Reflux occurred in 10 of 24 studies, but in these it never accounted for more than 3-8% of the total colonic in flow volume. Nevertheless, the calculations were corrected to take this into account. During the infusion of the low strength diet there was a significant fall in the mean colonic in flow of water in those fed intragastrically: 135 ml/h during fasting to 78 ml/h (p<005); and in those fed intraduodenally the in flow was greater (186 mnih), although this did not reach statistical significance. These changes, however, were not seen during the infusion of the high strength diet, where the colonic in flows were similar both between fasting and fed states, and between the gastric and duodenal groups.
The electrolyte concentrations in the colonic in flows were similar both between the four groups and between the fasting and fed periods.
ASCENDING COLON Water (Fig 2) In the fasting state water was absorbed in all groups at similar rates, with median values varying between +42 and + 120 ml/h. A net secretion was seen, however, during the intragastric infusion of both low and high strength diets (-174 and -120 ml/h respectively) and during the intraduodenal infusion of the high strength diet (-72 ml/h). These rates of secretion were significantly different both from fasting values and from the net absorption that continued during the intraduodenal low load infusion (p<005).
Electrolytes (Table II) Sodium and chloride movement was similar to water movement in all four groups. There was thus a significant net secretion during the intragastric infusion of both diets and during the intraduodenal infusion of the high strength diet, and a net absorption during low load intraduodenal feeding.
Bicarbonate, as expected,20 was secreted throughout the study in all four groups. Potassium was secreted during feeding in all groups, and at significantly greater rates during the high load infusions. DISTAL COLON Water (Fig 3) There was a net absorption of water during fasting in all groups, varying between +30 and +72 ml/h. This absorption continued during low load feeding (gastric group: +84 ml/h; duodenal group: +78 mllh) and during the intraduodenal high load feeding (+ 12 mI/h).
However, during the intragastric high load feeding there was a net secretion of -12 ml/h. There were no significant differences between these results. Electrolyte (Table II) Again, sodium and chloride movement was similar to that seen with water. There was a statistical difference (p<0 05) in the absorption of sodium between the fasting (+ 12 mmol/h) and the intragastric low load feeding (+48 mmol/h), and also with the secretion of sodium seen during the high load duodenal feeding (-6 mmol/h; p<O05). During the infusion of the low load diets there was an overall absorption in the distal vo small colon of salt and water in both groups. During iy volun-the infusion of the high load diets, however, *etion in there was a median net secretion of -14-4 ml/h t mixture in the distal colon during gastric feeding, of a distal which was significantly different from that seen I feeding with the low load diet (+96 ml/h); and in the :onsistent duodenal fed group there was a net absorption showing of + 12 ml/h in the distal colon, which was contine after siderably less, although not significantly differfindings ent, from the low load group (+78 ml/h). It has E a distal been shown in separate studies on normal he patho-human subjects that infusing an identical rrhoea.25 low load enteral diet, either intragastrically ileal and or intraduodenally, is unlikely to induce nent was diarrhoea.27 Whereas infusing an identical high duodenal load diet induces diarrhoea in five of six lemental subjects fed intragastrically and only one of six effect of fed intraduodenally.28 This would imply that lectrolyte with the low load diet the absorption of salt ileum or and water in the distal colon is often sufficient hat there to compensate for the proximal colonic secreLl small tion, but with the high load diet there is 
measured, as this would have necessitated extracting all the fluid from the hepatic flexure (not possible in practice) and infusing a fresh solution, and therefore we can only look at overall colonic water movement by combining the flows in the ascending and distal colon. On this basis, in the gastric group there was an overall median colonic secretion of -84 ml/h (equivalent to a colonic load of two litres over a 24 hour period) and -134-4 ml/h (3.2 litres/day) in the low and high load diets respectively; and in the duodenal group a net absorption of +108 ml/h and -60 ml/h (1-4 litres/day) respectively. While the colonic capacity may be able to contain the extra fluid and prevent diarrhoea during intraduodenal and low load intragastric feeding, it is not surprising that it cannot cope with an excess of three litres during high load gastric feeding, and hence invariably lead to diarrhoea.
The total colonic inflow volumes in this study are equivalent to those determined elsewhere.8 13 Presumably a neurohumoral mechanism is initiated in the proximal gastrointestinal tract. One possible explanation is that the receptors controlling the colonic response to feeding are situated in both the stomach and duodenum. During intragastric feeding there may be stimulation of receptors while the diet is retained in the stomach, and this may explain why there is a more profound secretory effect during intragastric feeding. Our studies were designed to examine the 'end-organ' -that is, colonic -responses to enteral feeding, and not to look for the presence and function of receptors in the proximal gastrointestinal tract that may initiate such responses. Chemoreceptors in the proximal gastrointestinal tract have been shown to respond to osmolality,26 fat,30 31 have all been shown to stimulate colonic absorption of water and electrolytes in in vitro animal studies. There have been, to our knowledge, no studies looking at hormonal effects on the colon in humans. The enteric nervous system also undoubtedly plays an important part in ion transport in the colon, and electrolyte secretion has been shown on more than one occasion in the in vitro human colon by electrical stimulation.44 45 There are very few in vivo human studies looking at colonic function and, before these experiments, there have been no studies examining the colonic responses to enteral feeding. Therefore, on the basis of current knowledge, it is difficult to hypothesise on the mechanisms underlying the colonic secretion that has been shown during enteral feeding.
In our studies it would have been preferential to use six subjects four times -once for each study -so as to reduce the element of intersubject variability when comparing the four groups. There were two subjects who did undergo all four studies and one who did three, but it was assumed at the outset that these studies would not attract subjects on more than one occasion. In these three subjects the observed differences in colonic water and electrolyte movement were similar to the overall results.
We acknowledge that our experimental findings in normal healthy volunteers may not necessarily equate with ill patients requiring nutritional support. Unfortunately, because of the nature of the perfusion studies it is unlikely that ethical approval would ever be granted to study patients. In addition, we accept that there are methodological problems with perfusion experiments, which can never be entirely physiological. The interpretation of perfusion techniques requires the establishment of a steady state of absorption. A true steady state will always be impossible to achieve, because of the inconsistencies of gut motility and intestinal diameter and irregular secretion or absorption over any intestinal segment. The accepted definition of a steady state is that the variation in marker concentrations should be less than 5%,13 15 and this has been achieved in these studies. The volunteers are subjected to an uncomfortable oral tube, which remains in situ for 36 hours; the perfusate is infused at rates well above normal physiological flows; and the studies only last for six hours of feeding. Unfortunately, the experimental design was limited to a certain degree by the extent of human endurance, and lower perfusion rates would have made both aspirating samples and the achievement of a steady state more difficult. The above criticisms were thus all anticipated but, after detailed consideration, we do not feel that the experimental design could have been significantly improved. One final question that arises is whether the colonic secretion seen during enteral feeding, was related to the prolonged intubation in itself. We feel that this is unlikely because of the consistent differences in observed colonic water and electrolyte movement during intragastric and intraduodenal feeding, and for this reason we believe that the colonic secretion is a genuine response to enteral feeding.
In conclusion we have shown for the first time a colonic secretion of salt and water during enteral feeding using a modified technique of in vivo human segmental colonic perfusion. We believe that these findings are of considerable importance in understanding the underlying pathogenesis of enteral feeding related diarrhoea. This study was financed by a grant from the Sir Jules Thorn Charitable Trust.
